Summary
The purpose of this report is to demonstrate that the modifications to the 324 Facility Zone I exhaust ventilation system placed the facility within the assumptions of the 324 Building Safety Analysis Report (SAR), PNL-SAR-324, and that a Discovery Unreviewed Safety Question (USQ) for "324 Facility Potential HEPA Filter Breach" has been resolved.
During the preparation of the 324 Facility Fire Hazard Analysis a fire accident scenario was presented in which a small fire would start in the hot cells which would plug the High Efficiency Particulate Air filters. The filters would fail and contaminated material would be released to the environment. This accident scenario did not match the accident scenarios presented in the 324 Building Safety Analysis Report. The Zone I exhaust system was reviewed by the cognizant plant forces which showed that in 1969 the 324 building hot cell Zone I exhaust system was modified by installing new charcoal filters downstream of the HEPA filters and increasing the size of the exhaust fans. The charcoal filters were installed to remove radioactive gasses and new fans were installed to overcome the charcoal filter air flow resistance. The new exhaust fans were larger and provided higher static pressure and flow capacity. The increased static pressure provided by the fans during no flow conditions was sufficient to fail the Zone I High Efficiency Particulate Air (HEPA) filters if they were to plug during the fire scenarios presented in the draft FHA and the 324 Building SAR.
The failure of the HEPA filters during a remote fire in the hot cells was not analyzed in the 324 Building SAR. The Plant Review Committee (PRC) reviewed the fan modifications and determined that a Discovery condition existed. The facility was placed in a safe condition and the Unreviewed Safety Question Evaluation (USQE) was completed and reviewed by the PRC which indicated a USQ existed. The USQE was transmitted to DOE which then declared the USQ.
In order to recover from the USQ, the fans were modified in September to reduce the capacity of the fans while maintaining sufficient flow to provide contamination control. The changes to the fans reduced the maximum possible static pressure which ensured the HEPA filters would not fail when plugged with particulates. The fan modifications returned the facility to the conditions presented in the 324 Building S A R and the USQ has been resolved.
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Background
In August, 1997, a draft 324 Facility Fire Safety Analysis (FHA) document (HNF-SD-HT-FHA-002, "324 Facility Fire Hazard Analysis") was issued for review by the facility representatives.
The draft FHA presented a new accident scenario in which a small localized fire in the hot cells causes an oil filled window to fail. The fire releases the window oil which adds fuel to the fire. The smoke and particulates from the postulated fire contains a sufficient quantity of particulates to plug the High Efficiency Particulate Air (HEPA) filters in the hot cell Zone I exhaust system. The fans would continue to run providing sufficient differential pressure across the plugged HEPA filters to fail the filters. The hot cells would then have an open channel for dispersion of contamination from the process cells to the environment via the main stack.
A review of the Zone I exhaust system was conducted to evaluate this new fire scenario. The review of the Zone I exhaust system showed that in 1969 charcoal filters were installed downstream of the final HEPA filters. The Zone I exhaust fans were replaced at the same time to overcome the additional pressure drop provided by the charcoal filters. According to the installation drawings the new fans were designed to provide a static pressure of 15 inches water gauge (drawing H-3-28596, Revision 1, "WAC Adsorption System Plan and Details"). This potential static pressure was validated using available vendor information typical of the installed fans. The HEPA filters installed in Zone I exhaust system are nuclear grade and purchased per specifications QPL-51068-7 compliant with MIL-F-068 Section 3.4.4 "Resistance To Pressure". The filters are normally operated up to a maximum of 5 inches water gauge at which time they are replaced. The HEPA filters are capable of handling a maximum of 10 L 0.2 inches of water gauge differential pressure for one hour. The failure of the plugged HEPA filters during accident conditions was therefore considered credible .
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The 324 Building Safety Analysis Report (SAR), PNL-SAR-324, analyzes two accident scenarios involving hot cell fires. In section 6.3.1 "Hot Cell Fires" a fire in the hot cells is assumed to produce sufficient smoke to plug the exhaust HEPA filters. The smoke generated by the fire would then migrate into the areas around the hot cells and be routed through the Zone I1 exhaust system. The HEPA filters in the Zone I1 exhaust system would prevent the release of material to the environment. The probability of a fire resulting from this scenario is considered high, anticipated, however the consequences are low due to filtered release of material. In section 6.3.2 "Major Fire" a large fue is initiated in Zone I1 building areas located outside the hot cells. The fue is large enough to cause a hot cell window to fail and the fire to spread into the hot cells. The filters then plug and possibly breach which results in release of unfiltered contamination to the environment. For this accident scenario both the filtered and unfiltered releases from the Zone I1 exhaust system were analyzed. The probability of a fire resulting from this scenario is considered highly unlikely with a high consequence from the unfiltered release of material to the environment.
Unusual Occurrence And Discovery USQ Determination
The modifications to the Zone I exhaust fans provided the potential for a plugged filter failure which is not analyzed by section 6. 
Recovery Actions
The hot cell Zone I exhaust system operating parameters were reviewed by management and the cognizant engineer which identified three possible recovery actions:
1.
An interlock system could be installed which would monitor the filter differential pressure and shut off the exhaust fans if the filters differential pressure reaches the operating limits.
2.
A vacuum breaker damper could be installed which would open when the differential pressure applied to the HEPA filters exceed operating limits thereby protecting the filters from failing.
3.
The fans could be reduced in speed which would reduce the maximum differential pressure across the HEPA filters below 10 in. WG. while maintaining the current design conditions through the building and maintaining contamination control.
The fan modifications alternative was selected due to simplicity of the change and ability to meet the requirements presented in the 324 building SAR without additional OSR equipment, controls and testing.
The specific performance characteristics of the fans installed at 324 were not available from the vendor information. A typical performance curve for similar type fan operated at a specific fan revolutions per minute (RF' M) is shown in Appendix A. If the fan speed is reduced, the performance curve will be lowered and the static pressure provided by the fan at the same flow rates will be reduced. This allows reduction in static pressure provided by the fan while still providing sufficient air flow capacity (at a reduced static pressure) for building contamination control. It needs to be noted that the static pressure at very low or no flow is the main concern of the USQ. This is the condition which represents the plugged filter upstream of the fans. The static pressure provided by the fans at this point is equal to the differential pressure across the HEPA filters. If the static pressure at this very low or no flow condition is greater that the capability of the HEPA filters, the filters will fail. At higher flow rates, the filters are not plugged and the static pressure provided by the fans is distributed across the entire ventilation system. Higher static pressures at the higher flow rates will therefore not cause a filter failure.
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The Zone I fan modifications involved the identification of new sheaves and belts which would reduce the fan speed and corresponding performance curve. The motors used on the fans are constant speed and were not modified or changed. The existing fan speed was measured at 990 revolutions per minute (rpm). The cognizant engineer used vendor supplied tables for performance information to identify a new fan target speed of 740 rpm.
New sheaves were ordered and the fans were modified at the end of September, 1997 (work package 31-97-00823). The operating characteristics of the new fans were tested by closing the blocking damper and measuring the static pressure and flow rates (work package 31-97-00849, Appendix B) for the first modified fan. All the Zone I fans are identical in construction and performance and the first fan was tested to ensure that the modifications provided the required static pressures and flow rates. The static pressures and flow rates at the different damper positions was taken and recorded in the data sheets provided in Appendix C and recorded in the work package, Appendix B. The static pressure provided by the fan with the blocking damper closed was 6.67 inches water gauge (WG) at leakage rate of 1449 cubic feet per minute (CFM).
As the blocking damper was opened and the flow rate through the fan increased the static pressure increased as expected by the fan operating curves. The static pressure increased from the 6.67 inches WG at 1449 CFM to 9.6 inches WG at 5,416 CFM. This represents significant flow through the ventilation system and the static pressure is still below the HEPA filter capacity. Additional data was taken up to 10,309 CFM. about ?4 fan capacity, which provided a static pressure of 10.50 inches WG. The data taken at the higher flow rates was considered conservatively high due to interferences from the operating non-modified fans on the modified fan via common inlet and outlet ductwork.
The performance data discussed above provided the information which demonstrated that the HEPA filters would not be subjected with sufficient DP to fail (Le. static pressure at no or very low flow rates) if they were to plug. The data also showed that the fans had flow capacity, CFM, to support the building operation. The remainder of the fans were modified and the RPM of the fans were checked to ensure that all three Zone I fans were operating at the same speed.
Following all three fan modifications, the flow and differential pressure in the Zone I system was more easily controlled by the dampers. Prior to the modifications, the dampers operated in a mostly closed position and small changes in damper control made large changes in both flow and differential pressure readings in the ductwork. After the fans were modified, the control dampers operated in an open position which provided better flow and differential pressure control. The fan operation also had noticeably lower vibration resulting from both the lower fan speed and reduction in the ductwork turbulence by operating the dampers in a more open position.
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Conclusions
The maximum static pressure which can be provided by the Zone I exhaust fans is well below the limits for the HEPA filter operation. The Zone I HEPA filters will not fail due to particulate loading and the Zone I exhaust system is operating per the conditions presented in the 324 Building SAR. The Discovery USQ has been resolved. An Administrative change to the 324
Building S A R will be prepared which will enhance the Zone I and Zone I1 exhaust systems description sufficient to prevent similar changes in ventilation design. 
